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REMARKS

It is acknowledged that the foregoing amendments are submitted after final rejection.

However, because the amendments do not introduce new matter or raise new issues, and

because the amendments either place the application in condition for allowance or at least in

better condition for appeal, entry thereof by the Examiner is respectfully requested.

Applicants respectfully request reconsideration of the present application in view of

the foregoing amendments and in view of the reasons that follow.

I. Status of the Claims

With this submission, claims 1 and 17 are amended. Additionally, no claims are

cancelled and no claims are newly added. Hence, upon entry of this paper, claims 1-4 and 6-

17 will remain pending with claims 1, 2, 6-9, 13 and 17 under active consideration.

This amendment adds, changes and/or deletes claims in this application. A detailed

listing of all claims that are, or were, in the application, irrespective of whether the claim(s)

remain under examination in the application, is presented, with an appropriate defined status

identifier.

II. Rejections Withdrawn

Applicants wish to thank the Examiner for withdrawing the rejections under 35

U.S.C. §112 first and second paragraph, 35 U.S.C. §102(b) over Goto and 35 U.S.C. §103(a)

over Harlow & Lane in view of Ishikawa, Gastinel, Lauffer and Frank.

III. Claim Objections

Claims 1 and 17 are objected to because of the informality found on lines 2-3.

Specifically, the Examiner objects to the phrase "reacting soluble HM1.24 antigen protein

and anti-HM1.24 antibody contained in a test sample." Applicants have amended claims 1

and 17 to recite "reacting soluble HM1.24 antigen protein with anti-HML24 antibody

contained in a test sample" as suggested by the Examiner. Therefore, Applicants believe the

objection is rendered moot.
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IV. Claim Rejection - 35 U.S.C. §103(a)

Claims 1-2, 6-7, 13 and 17 are rejected as allegedly obvious over Harlow & Lane

("Harlow") in view of Ishikawa et al. (Genomics 26(3):527-34)("Ishikawa"), U.S. 5,623,053

("Gastinel"), U.S. 5,639,597 ("Lauffer"), U.S. 5,866,693 ("Laping") and U.S. 5,541,087

("Lo"). The Office admits that Harlow "fail to teach soluble HM1.24 antigen protein as the

type of antigen, and similarly fail to teach anti-HM1.24 antibodies as the type of antibodies

detected." (Office Action, page 5) Nevertheless, the Office combines Harlow with Ishikawa,

which teaches use of the soluble HM1 .24 antigen protein lacking L8 amino acid residues from

the C-terminal of SEQ ID NO:20. However, the Office recognizes that the claimed invention

recites a protein modified by lacking 17_ amino acid residues from the C-terminus of SEQ ID

NO:20. To remedy this deficiency, the Office states that "the resulting protein lacking 17

rather than 18 amino acids would be reasonably expected to have the same properties."

(Office Action, page 13) Applicants respectfully traverse the rejection.

The proposed modification cannot render the prior art unsatisfactory for its intended

purpose. If a proposed modification would render the prior art invention being modified

unsatisfactory for its intended purpose, then there is no suggestion or motivation to make the

proposed modification. In re Gordon, 733 F.2d 900, 211 USPQ 1125 (Fed. Cir. 1984).

MPEP 2143.01 Section V. Additionally, MPEP § 2143.03(VI) states that "[a] prior art

reference must be considered in its entirety, i.e., as a whole, including portions that would

lead away from the claimed invention." Accordingly, where cited art teaches away from a

claimed feature, the cited art is not available for the purposes of an obviousness rejection.

One of skill in the art would not be motivated to remove the Fc sequence for use to

detect or determine a soluble HM1.24 antigen protein at low concentrations. As provided in

the prior art, the purpose of fusing Bst-2 to an Fc sequence is to form a dimer at the Fc region

so as to improve and enhance the pharmacokinetic properties (especially stability, half-life,

activity, etc.) of Bst-2. Removal of the Fc region would counter what a person of ordinary

skill in the art would be trying to achieve - a more stable Bst-2 for detection or determination

of a soluble HM1.24 antigen protein at low concentrations.

WASH_7065015.1
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For example, the Laping patent describes that the purpose of fusion of the Fc sequence

is to improve pharmacokinetic properties, and that IL-5-Fc fusion protein is used in a high-

throughput screening assay for identifying IL-5 antagonists. (Laping, col. 9 line 55) In

addition, in the Ishikawa reference as well, the purpose of fusion of Bst-2 to Fc sequence is to

form a dimer at the Fc region so as to improve and enhance the pharmacokinetic properties

(especially stability, half-life, activity, etc.) of Bst-2.

Therefore, one of skill in the art would consider that a soluble HML24 antigen protein

should be used in the form of a fusion protein with a Fc sequence, which fusion protein

maintains improved pharmacokinetic properties, especially considering that the presently

claimed invention is directed to detecting or determining an anti-HM1.24 antibody at a low

concentration. As such, one of skill in the art would not delete the Fc sequence, since doing

so may degrade the beneficial pharmacokinetic properties.

According to the present invention, it was newly found that a soluble HM1.24 antigen

protein lacking the C-terminal 17 amino acids can form a dimer without the need for addition

of an Fc sequence for dimer formation . Additionally, the soluble HM1.24 antigen of the

present invention maintains the biological activities of the HM1.24 antigen protein, which is

necessary for the purpose of the present invention (see page 7, lines 21-26 and page 59, lines

10-14 of the specification).

It should be noted that, as can be seen from Suzuki et al., (Journal of Immunology

184: 1968-1976 (2010), Abstract) attached as Appendix A, the purpose of fusing a Fc

sequence is to stabilize a protein, i.e., to improve pharmacokinetic properties. Similarly, the

IgGl used in the Ishikawa reference comprises hinges CH2 and CH3, and it is therefore

considered that Fc fusion protein prepared in the Ishikawa reference forms a dimer at the

hinge region. This is clear from the fact that the IgGl Fc was obtained from Dr. Seed (see

page 528, right column "Production of soluble recombinant Bst-2-immunoglobulin fusion

protein"), and that WO 9640881 filed by Dr. Seed, refers to the "Fc part (hinge, CH2 and

CH3) ofhuman genomic IgGl" (WO 9640881, page 19, line 7).

WASH 7065015.1
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The Office may try to argue that the Laping reference describes removal of the Fc

region. However, this interpretation would not comport with the context of removing the Fc

portion as described in the Laping reference. Specifically, the Laping reference describes the

case where the antigen is used for an antigen for immunization , the Fc region is deleted, and

exemplifies an immunogen used for preparation of an antigen (Laping, col. 10, line 4). In this

situation, the Fc region is deleted because the protein is used as an immunogen. There are

cases where an appropriate antibody is not obtained due to an incorrect stereostructure of the

fused antigen, and an antibody to the Fc sequence, not to a desired antigen, is prepared. In the

presently claimed invention, a soluble HM1.24 antigen protein is an antigen for measuring an

antigen , not an immunogen (an antigen for immunization).

For at least these reasons, Applicants respectfully request reconsideration and

withdraw of the rejection.

V. Claim Rejection - 35 U.S.C. §103(a)

Claims 8-9 are rejected as allegedly obvious over Harlow in view of Ishikawa,

Gastinel, Lauffer, Laping, Lo and further in view of U.S. 5,646,115 ("Frank"). The Office

admits that Harlow, Ishikawa, Gastinel, Lauffer, Laping, and Lo "fail to specifically teach

using a second antibody in addition to the antibody specific to test the antibody" (Office

Action, page 16). To cure this deficiency, the Office points to Frank as teaching "the amount

of antibody bound to the solid phase can be determined using one or more layers of secondary

antibodies." Office Action, page 16.

Frank does not cure the deficiencies of the other cited references. Specifically, Frank

does not teach or even suggest that the Fc region should be removed from the antigen.

Thus, for at least these reasons, Applicants respectfully request the rejection be

withdrawn.

WASH 7065015.1
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CONCLUSION

Applicants believe that the present application is now in condition for allowance.

Favorable reconsideration of the application as amended is respectfully requested.

The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

The Commissioner is hereby authorized to charge any additional fees which may be

required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,

to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by a

check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or

even entirely missing or a credit card payment form being unsigned, providing incorrect

information resulting in a rejected credit card transaction, or even entirely missing, the

Commissioner is authorized to charge the unpaid amount to Deposit Account No. 19-0741
.

If

any extensions of time are needed for timely acceptance of papers submitted herewith,

Applicants hereby petition for such extension under 37 C.F.R. §1.136 and authorizes payment

of any such extensions fees to Deposit Account No. 19-0741

.

Respectfully submitted,

FOLEY & LARDNER LLP
Customer Number: 22428

Telephone: (202) 672-5569

Facsimile: (202) 672-5399

Date June 18, 2010

Registration No. 35,264
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Importance of Neonatal FcR in Regulating the Serum
Half-Life of Therapeutic Proteins Containing the Fc Domain
of Human IgGl: A Comparative Study of the Affinity of

Monoclonal Antibodies and Fc-Fusion Proteins to Human
Neonatal FcR

Takuo Suzuki,* Akiko Ishii-Watabe,* Minoru Ibda,* Tetsu Kobayasbi,*

Toshie Kauayasu-Toyoda^* Tom Kawanishi/ and Teruhide Yamaguchi*

The neonatal FcR (FcRn) binds to the Fc domain of IgG at acidic pH in the endosome and protects IgG from degradation, thereby

contributing to the long serum halMife of IgG* To date, more than 20 mAb products and 5 Fc-fusion protein products have

received marketing authorization approval in the United States, the European Union, or Japan. Many of these therapeutic

proteins have the Fc domain of human IgGl; however, the serum half-lives dUTer in each protein. To elucidate the role of FcRn
in the pharmacokinetics of Fc domain^ontaining therapeutic proteins, we evaluated the affinity of the clinically used human,
humanized, chimeric, or mouse mAbs and Fc-fusion proteins to recombinant human FcRn by surface plasmon resonance analysis*

Hie affinities of these therapeutic proteins to FcRn were found to be closely correlated with the serum naif-lives reported from
clinical studies, suggesting the important role of FcRn in regulating their serum half-lives. The relatively short serum halT-UTe of

Fc-fusion proteins was thought to arise from the low affinity to FcRn. The existence of some mAbs having high affinity to FcRn
and a short serum half-UTe, however, suggested the involvement of other critical factoids) in determining the serum half-Ufe ofsuch

Abs. We further investigated the reason for the relatively low affinity of Fc-fusion proteins to FcRn and suggested the possibility

that the receptor domain of Fc-fusion protein influences the structural environment of the FcRn binding region but not of the

FcvRI binding region of the Fc domain* The Journal ofImmunology, 2010, lfM: 1968-1976.

In
healthy humans, IgGl exhibits a long serum half-life of~21

d (1 ). This prolonged half-Ufe of IgG can be explained by the

interaction with neonatal FcR (FcRn). FcRn is a heterodimer

of the MHC class Mike H chain and the Pr^roglobulin (p^) L
chain (2). Although this receptor was originally studied as

a transporter of IgG from mother to fetus, subsequent studies have

shown that this receptor also plays a critical role in regulating IgG
homeostasis (3, 4). FcRn binds to the Fc domain of IgG at pH 6,0-

6.5 but not, or weakly, at pH 7.0-7.5 (5). Therefore, FcRn protects

IgG from degradation by binding to IgG in endosome and releases

IgG into plasma (6). As indicated by previous studies in which

amino acid substitutions in the Fc domain of IgG for modifying

the affinity to FcRn can alter the serum half-life of the feG, the

affinity to FcRn is thought to play a critical role in determining the

serum half-life of IgG (7-12).
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Recently, therapeutic use of mAb products has become more

important for various diseases, including cancer as well as auto-

immune and infectious diseases (6, 13, 14). In addition to the

mAbs, the Fc-jfiisioti proteins (e.g., etanercept, atefacept, and

abatacept) have been developed and have received considerable

attention. These Fc-fusion proteins consist of an extracellular

domain of membrane receptor linked to the Fc portion of human
IgGl . Tbey work like Abs by binding to ligands for the receptors.

The receptor portions of etanercept and alefacept are, respectively,

the extracellular Ugand-binding portion of the human 75-fcDa

TNFR and the extracellular CD2-binding portion of the human
leukocyte function Ag 3- Abatacept consists of the extracellular

domain of human CTLA-4 linked to the modified Fc portion of

human IgGl.

Most of the mAb products and Fc-fusion protein products have

the Fc domain of human IgGl (6, 14). Accumulating evidence

regarding their clinical use has revealed that their serum half-lives

are variable, ranging from 4 to 23 d, regardless of the presence of

the Fc domain of human IgGl (6). Although many factors such as

nxw,, posttranslational modifications including glycosylation,

electrical properties, interactions with FcRs or target molecules,

and features of the target molecules may influence their serum

half-life, the reasons for the variability of half-life have not been

elucidated. Among such factors, FcRn might play a critical role in

regulating half-life; however, comparative studies between the

aJffuuties of these therapeutic proteins to FcRn and their half-lives

in humans have not been reported. Therefore, although some Fc

domain-contaimng therapeutic proteins exhibit shorter half-lives

in humans, it remains unclear whether the shorter half-lives arc

due to the lower affinity to FcRn or other factors.
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In this study, we examined the affinity of clinically used mAbs
and Fc-fusion proteins to recombinant human FcRn by surface

plasmon resonance (SPR) analysis. The analytes used were human

Ab (adalimumabX humanized Abs (daclizurnab, omalizuraab,

paJivizumab, and txasnuumab), chimeric Abs (infliximab and

ritwsimab), mouse Ab (muroraonab-CD3), and Fc-fusion proteins

(elanercept, alefacept, and abataccpt). We found that the affinities

of the therapeutic proteins tested to FcRn were closely correlated

with their serum half-lives, with a few exceptions. Because Fc-

fusion proteins, which have relatively short half-lives (4-13 d),

were shown to have lower affinity to FcRn than mAbs, we further

investigated the reason for this difference by cxainining the af-

finity of the proteins to FcyRI or the affinity of papain-digested

proteins to FcRn in SPR analyses. Our results suggested the

possibility that the receptor portions of Fc-fusion proteins make

a difference in the higher-order structure of the FcRn-binding

region of Fc (i.e., CH2-CH3 interface) or interfere with binding

between the Fc domain and FcRn by steric hindrance.

Materials and Methods
Therapeutic proteins and reagents

Abatacept (Briitol-Myers Squibb, Princeton, NJ)> adalimumab (Abbott,

Baar, Switzerland), alefacept (Biogen Idet, Cambridge, MA), dacujuraab

(Hoffmann-La Roshe, Nudey, NJ)
t
elanercept (Takeda Pharmaceutical, Osaka,

Japan), infliximab (Tanabe Ftomaceutical. Osaka, Japan), xnuromoiub-Q>3
(Jansen Pharmaceutical, Tokyo, Japan), omalizumab (Novartis Phatma

ScJbwcu, Bern, Switzerland), palivizuraab (Abbott Japan, Osaka, Japan),

rituximab (Zenyaku Kogyo, Tbkyo, Japan), and trastuzumab (Chugai

Pharmaceutical, Tbkyo, Japan) were purchased via reagent distributors.

Recombinant human TNF-a was purchased from Wako (Osaka, Japan).

Purification ofhuman FcRn

SuWy transfected CHO cells expressing both the soluble portion of the

hFcRn H chain (residues 1-267 of mature protein) and p2rn were provided

by P. J. Bjorkman (California Institute of Technology, Pasadena, CA).

Expression and purification of hFcRn wore performed according to the

method previously reported by West and Bjorkman (15), with alight

modifications. Briefly, the CHO cells expressing soluble hFcRn and fom
were cultured in oc-MEM containing 5% dialyzed FBS, 100 methio-

nine sulfadimine, and penicillin/streptomycio. Cell culture supernatant was

collected every 2-3 d and was filtered with a 0,45-mjto filter, and sodium

utide was then added to 0 05%- The harvested supernatant was acidified to

pH 5.8 and then applied to a human IgG column- After washing the col-

umn with 50 KHM Bis-Trw (pH 5-5), hFcRn complexed with pzm was

eluled with 40 mM Bis-Tris/20 mM Tris (pH 81). The eluted fractions

containing hFcRn were applied to a Uno-Ql column, and hFcRn was

eluted with pH gradient using 40 mM Bis-Tfis/20 mM Tris (pH 8-1) and 40

mM Bis-Ttis/20 mM Tris (pH 5.8).

SDS-PAGE and Western blotting

Each fraction of protein eluted from the Uno-Ql column was diluted in IX
SDS loading buffer and was separated in 15% polyacrylamidc gel (Bio

craft, Tokyo, Japan). After the electrophoresis, the gels were stained with

Imperial protein stain (Pierce, Rockford, IL). For Western blotting, pro-

teins separated by SDS-PAGE Were electroblotted onto polyvinylidene

dtfuoride membranes (Millipare, Billerica, MA). The membranes were

immunoreacted with rabbit anti-hFcRn H chain peptide (Leu^-Gly 14
*)

Ab produced by Medical and Biological Laboratories (Nagoya, Japan) and

then with HRJP-coojugated secondary Abs (Cell Signaling Technology,

Daovers, MA)- The bands ofhFcRn were detected using ECL Plus Western

blotting detection reagents (Amersham Biosciences, Piscataway, NJ),

SPR analyses

Analysis of affinity between FcRn and Fc domain-containing therapeutic

proteins. The pmined recombinant hFcRn was dilated with 10 mM sodium

acetate (pH 5.0 or 4.5) and was immobihjfcd onto a CM5 biosensor chip

(Biacore, Uppsala, Sweden) using an amine coupling kit (Biacore) at

relatively low densities (mainly 300-350 resonance units) to avoid mass

transport limitation. The reference cell was treated with rV-hydro\-

y5uccinimideyi^Ayl-3-(3-dimeu^ylaniinopTOpyl) carbodiimide and etha-

nol amine using an amine coupling kit without injecting the FcRn. Fc

1969

domain-containing proteins were diluted with the running buffer (50 mM
sodium phosphate/150 mM NaCl [pH 6.0)) and injected at 25*C The
running buffer was allowed to flow at a rate of 20 uJArain- The injections

were performed using the KINJECT mode (volume, 40 dissociation

time, 150 s). For regeneration, the regeneration buffer (100 mM Tris/200

mM NaCl (pH 8.0J) was injected for 4 min. Kinetic constants were cal-

culated from the sensorgrams using the bivalent analytc model of Bde-
valuation software 4.1.

To obtain the consistent results, we would indicate two points, First, it is

necessary to set the bulk refractive index to icro to avoid wrong fitting,

because the binding is rapidly reached to the near-equilibrium state. Second,

it is necessary to set the injection point correctly. For example, if the

sensorgrams of infliximab shown in Fig. 2 were analysed with the injection

point shifted to 0.5 s earlier, the values of khlt k^h and KG were 1.95E+05
M"'s~'

t
0.136 s~\ and 697 nM, respectively. When the injection points of

the tfcnsorgrams arc unclear, it may be better to use the average values of

data resulting from two or more different injection points.

Analysis of affinity between FcyRI and Fc domain-containing therapeutic

proteins. Recombinant human Fc7RJ> which consists of human FcyRI
(Gln'^Pro

255
) and His-tag, was purchased from R&D Systems (Minne-

apolis, MN). Fc domain-containing proteins were immobilized to a CMS
biosensor chip in 10 mM sodium acetate (pH 5 0) using an amine coupling

kit Kinetic analyses of FcyRI binding were performed according to

Ellsworth et al. (16) with some modifications. The running buffet, HBS-EP
(10 mM HEPE5, 150 mM NaCl, 3 mM EDTA, and 0.005% Surfactant P20
£pH 7.4]) (Biacore), was allowed to flow at 20 jxl/min. The injections of

FcyRt were performed using the KINJECT mode (volume, 40 u.1; disso-

ciation time, 150 s). To regenerate the immobilized proteins, the re-

generation buffer (10 mM glycinc-HQ [pH J.SJ) was injected for 15 s.

Kinetic constants were derived from the sensorgrams using the 1:1 binding

model of BtAevaJuation software 4.1.

Papain digestion

The papain (Wako) was activated in the buffer (50 mM sodium phosphate/

150 mM NaCl [pH 6-0], 1 mM cysteine, 4 mM EDTA, and 1 mg/ml papain)

at 37'C for 15 min. Next, 1 rag/ml Ab or F^fiision protein was digested

with 01 mg/ml activated papain in 50 mM sodium phosphate (pH 6.0), 1 50

mM NaCl, 0,1 mM cysteine, and 4 mM EDTA al 37'C for 24 h-

Results

Purification of soluble human FcRn

FcRn binds to the Fc domain at acidic pH and then releases it at

neutral pH. Recombinant soluble hFcRn expressed from CHO cells

was purified using a human IgG column by binding at pH 5,8 and

releasing at pH 8.1. The fraction purified by the IgG column was

electrophoresed at lane 10 of SDS-PAGE gel (Fig. IB). This

fraction was then purified using an anion-exebange column with

a pH gradient elution. Tne elution diagram is shown in Fjg. IA.

Three main peaks were observed. The proteins in these peaks were

electrophoresed (Fig. 10) and subjected to Western blot analysis

using anti-hFcRn H chain peptide Ab (Fig. IQ. Several bands

were observed at -32 kDa in these fractions, and these bands were

itnmunoreactive to anti-hFcRn H chain peptide Ab, These results

indicated that the purified FcRn had several isoforms, possibly

because of the difference in posttranslational modification, in-

cluding glycosylation or proteolysis. As shown in Fig. 1C, the

signals of the higher muw. bands of hFcRn tend to be weak. There

is a possibility that the sugar chain at Asnus of hFcRn interfered

with the reactivity of the hFcRn to the anr>hFcRn H chain peptide

Ab used. We analyzed the affinity of therapeutic mAbs and Fc

fusion proteins to FcRn by SFR using the peak I, n > orHT fractions

eluted from the amon-exchange column. The Kt> values were

higher when peak I was used as a ligand in SPR analyses than

when peaks II or ID were used (data not shown). Because the m.w.

of the proteins in peak I was smaller than that in peak n/ni and the

protein content of peak I varied depending on the lot of the cell

culture supernatant, peak I seemed to consist of immature FcRn.

The Ko values calculated from the experimental data using peaks

II andm were comparable (data not shown). We, therefore, used

the main peak (i.e., peak CO) in the following experiments.
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Fraction No.

Ff*ctio* No.

FIGURE 1. Purification and ele^trophoretic characterization of re-

combinant humati FcRn, A, The ejution diagram of the anion-exchange

chromatography used for the purification of recombinant human FcRn. B,

SDS-PAGB Of the proteins in the fractions indicated in A, The protein

applied to the anion-exchange column was electrophoresed in tone 10. The

gel was stained with Imperial protein stain. C Western blot analysis of

eJuate from the anion-exchange column by anti-hFcRn H chain Ab.

SPR analyses of the affinity between FcRn and Fc

domain-containing proteins

Purified FcRn was immobilized onto a CM5 biosensor chip at rel-

atively low densities as described inMaterials andMethods. Five or

six concentrations of Fc domain-containing therapeutic proteins

were then injected. Because injection at higher concentrations

caused nonspecific binding to flow cells, we analyzed the affinity of

therapeutic proteins using sensorgrams obtained at the concen-

trations at which nonspecific binding was not observed. For ex-

ample, infliximab was injected at concentrations of 670» 335, 168,

84, and 42 nM, and we analysed the affinity to FcRn with the bi-

valent analytc model (Fig. 2). The colored lines were observed

sensorgrams, and the black lines were fitting lines generated by the

BIAevaluation software. The KD value (= calculated from

these sensorgrams was 727 nM. The affinities of adalimumab and

etanercept to FcRn were 672 and 3612 nM, respectively (Fig. 2).

The affinities ofthe 11 kinds ofFc domamsjontaining proteins to

FcRn were measured (Fig. 3). Adalimumab, daclizuraab, infliximab,

palivizumab, and rituximab were injected at concentrations of 42-

670 nM- The concentrations of abatacept, alefacepr, and etanercept

used were 168-5360 nM, and those of muromottab-CD3, omalizu-

mab T and trastuzumab were 84-1340 nM. Under this condition, the

tested therapeutic proteins, except for muromonab-CD3, bound to

FcRn. The KD values measured in our experiments and the serum

half-lives in humans reported in the literature are shown in Fig. 3A.
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FIGURE 2. Representative sensorgrams of SPR analyses. Infliximab

{upperpond) or adalimurjaab {middle paneC) was injected at concentrations

of 42-670 nM and etanercept (tower panel) at concentrations of 166-5360

nM. The colored lines are the observed sensorgrams, and the blade lines

are fitting lines generated by the bivalent analyte model of BlAevaluarjoo.

software. The association of KINJECT was started at -100 and the

dissociation of K1NJECT was at ^220 s. The table describes the kinetic

values calculated from the sensorgrams of infliximab, adalimumab, and

ettnercept

The Ko values and the average values of the serum half-lives are

plotted in Fig. 35. The ATD values were closely correlated to the half-

lives (contribution ratio - 0.8675) when the results were analyzed

after excluding the data for infliximab, rituximab. and trastuzumab

(Fig. 3C). Concerning infliximab, rituximab, and trastuzumab,

which have relatively short half-lives and comparable affinity to

other longhalf-lifeAbs to FcRn, other critical factors) seemed to be

involved in regulating their half-lives (see Discussion). Although it

was impossible to plot the data for mouse mAb muromanab-CD3,
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FIGURE 3- KD values of binding between Fc

domain-containing therapeutic proteins and

hFcRn and the correlation with their serum half-

lives. A, The KD values obtained in our study and

the half-lives in humans cited from the literature

The half-life values were obtained from the article

reviewed by Lobo ex a). ($) [adaJimumab (17),

dacli*umab'(18). etanercept (19), infliximab {20),

muromoDab*CD3 (21), omaiijumab (Z2), pal-

jvizumab (23), rituximab (24), and trastuzumab

(25)] or from the manufacturer prescribing in-

formation. B, The graphic*) presentation of the

KD values and serum half-lives described in A.

The means of half-lives are plotted on the jc-axis,

and the values of affinity to FcRn are on the y*

axis. F*Ued rhombi, Fc domain fusion proteins;

closed circle, human Ab; gray circles, humanized

Abs; open circle, chimeric Abs, C, Regression

line of the plots of seven therapeutic proteins.
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which exhibited no significant binding to human FcRn, the half-life

of this Ab in humans is tbe shortest (0.75 d) among the therapeutic

proteins examined in this study (21). Tbese results also show the

importance ofthe binding affinity to FcRn in determining the serum

half- life. The correlation described above was also observed when

other fractions of bFcRn described in Fig- 1 (peaks I and TJ) were

used in SPR analyses (data not shown).

Jht affinity between FcyfU and Fc domain<ontaining proteins

Because the affinities of Fc fusion proteins (etanercept, alefacept,

and abatacept) to FcRn were lower than those of mAbs, the FcRn-

binding region (CH2-CH3 domain interface) ofFc-fusion proteins

seems to be structurally different from that of mAbs. We also

analyzed the affinity of these proteins to Fc-yRI to test whether the

structural environment around the Fc^RI-binding region (hinge

proximal region of CK2) is different between Fc-fusion proteins

and Abs. Because the regeneration procedure in the SFR assay

inactivated Fc^RI but not Fc dornain-containing therapeutic pro-

teins, therapeutic proteins were immobilized to CMS biosensor

chips, and Fc^RJ was used as an analyte. The sensorgrams of Fc-

fusion proteins (abatacept, alefaccpt, and etanercept) and mAbs
(adaUmumab and infliximab) are shown in Fig. 4A. The data were

analyzed with a 1:1 binding model. Tbe KD values of the two Fc

fusion proteins (alefacept and etanercept) and Abs (adalimumab

and infliximab) were comparable (Fig, 4B). The KD values ob-

tained in this study were similar to the data reported for IgG
[reviewed by van de Winkel and Anderson (26)]. In contrast,

abatacept had a lower affinity to Fc^RI. In abatacept, a series of

selected mutations those can alter the binding affinity to FcyR
were introduced to reduce Fc-racdiated cytotoxic effects (Fig, 5)

(28, 29). Therefore, the data in Fig. 4 show that the change in the

affinity of Fc domain to FcvRI, which is caused by amino acid

substitutions, was detected in our experiments. These results

suggest that the region interacting with FtryRJ (i.e., the hinge

proximal region of CH2) was not structurally different between Fc

fusion proteins, except for abatacept, and Abs examined.

The affinity between FcRn and Fc domains generated by

papain treatment

In Fig. 5, the amino acids sequences of abatacept, alefacept, cta-

nercepu adalimumab, mffiximtab, and omaliruamb are aligned.

The differences in the primary structure of the Fc regions were

Glu
376

and Met37* of etanercept, which are attributed to the IgGl

allotype, and Ser
IW

, Ser
163

, and Sex
174

of abatacept, which arc due
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FIGURE 4. The affinity of Fc-fasion proceins and

Abs to fcyRl. The Fc-fusion proteins (abatacept, ajefa-

cept, and etanercept) and mAbs {adalimumab and

infliximab) were immobilized onto CM5 bioseptor

chips. Recombinant protein of the extracellular domain

of FcyRl was injected at concentrations of 5-50 DM and

analyzed with a 1:1 binding raodcj (A). The colored

lines are the observed sensorgrams, and the black lines

axe fitting lines. Association phase, ~ 100-220 s; dis-

sociation phase, -220 $. B t The JTq Values calculated

from the sensorgrams shown in A.

B

103 200 40ft

Tito* tset)

Affinity to FcyRJ

Akfaacpt

ftaircrCcpf

Adftliroumab

Infliximab

4.82

0.85?

n.77?

0.7(13

to the engineering for decreasing affinity to Fc>R and improving

protein production (28). To test the possibility that this limited

structural difference or posrtfanscriptional modifications such as

glycosylatton can give rise to the difference in binding affinity to

FcRn, we digested the Fc-fiision proteins or mAbs with papain

and analyzed the affinity of their Fc domains to FcRn. The elec-

rrophoretic pattern of etanercept and adalimumab digested with

papain is shown in Fig. 6A. Both etanercept and adalimumab were

digested sufficiently for 24 h at 37*C under the conditions de-

scribed in Materials and Methods, whereas digestion was not

sufficient after incubating for 2 h. Therefore, the therapeutic

proteins digested with papain for 24 b were used for the SFR
analyses. The sensorgrams of etanercept (670 nM) and adalimu-

mab (670 nM) were much different without incubation with pa-

pain, but they became almost identical after papain digestion (Fig.

65). We measured the affinities to FcRn of five therapeutic pro-

teins (etanercept, alefacept, adalimumab, infliximab, and omali-

zumab) digested with papain (Fig. 6Q. Etanercept and alefacept

are Fc-fasion proteins with low affinity to FcRn, and omalizumab

is an Ab showing lower affinity to FcRn than other Abs. Because it

was possible that the proteins were cleaved, in part, into smaller

fragments than the Fc domain, the estimated KD values may have

been larger than the actual values. However, it was very clear that

the affinities of etanercept, alefacept, infliximab, and omalizumab

were increased by papain treatment (fig. 6C).

The affinity of Fc-fasion protein and Abs became comparable

after papain digestion, showing that the differences in amino acid

sequences or posrtranslational modification of the Fc domain did

not contribute to the difference in the binding affinity of these

proteins to FcRn. It therefore seems likely that the receptor domain

of the Fc-fusion protein makes a difference in the higher-order

structure of the FcRn-binding region of Fc (i.e., CH2-CH3 in-

terface) or interferes with the binding between Fc domain and FcRn

by Steric hindrance. Moreover, such a difference or interference

seems to be involved in detarmining the affinity to FcRn for some

kinds of Abs, because the values ofmfliximab and omalizumab

were also increased significantly by papain treatment.

The affinity between FcRn and therapeutic proteins binding

with target molecules

On the basis of the results suggesting the possibility that another

region besides the Fc domain influences the affinity of Fc domain-

containing proteins to FcRn, we assumed that binding with the

target molecule would also change the affinity to FcRn. Because

adalimumab, infliximab, and etanercept bind to the same target

molecule, TNF-a, we analyzed the effects of binding with TNF-a
on the affinity of these therapeutic proteins to FcRn, First, 0-2680

nM TNFhx was added to 335 nM infliximab and incubated for at

least 1 h. The resulting mixture was then injected into the flow

cell, and the affinities to FcRn were analyzed. By adding TNF-a,

the shape of the sensorgram was drastically altered (Fig. 1A). The

Abs (adalimumab and infliximab) can maximally bind to two

TNF-a triraers, whereas etanercept binds to one TNF-a uimer.

When the relative concentrations of TNF-a axe low, three mole-

cules of the Ab can bind to each TNF-a trimer, and cross-linked

TNF/Ab complexes are formed (30). To evaluate the affinity
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FIGURE 5. The aauno acid sequences

of abatacept, alefaccpt, etanercept, and H
chains of adaluoumab and infliximab.

The amino acids marked with a star are

different ajiurog allotypes of IgGl. The

gray arrow is the cleavage site of IgGl

with papain (27). The amino acid se-

quences were obtained from the follow*

ing links: abataccpt, http://whqlibdoc.

who.inl/dnjginfo/18_2_20O4_lNN91.pdf;

aJcfucepl, http: //whqlibdoc.who.int/dra

ginfo/DRUGJNFO_14_4_2000JNN-&4-

pdf: etanercept, http://whqlibdoc.who, in (/

aYuginfo/DRUGJNFO_13_2J999JNN-
8 1 .pdf; adaJimumab, www.info.pmda ,go.

jp/*hinyaku/g080405/10015900J22000A

MX0159S^Al00^1.pdf; infliximab, www.

infopmda.go.jp/shinyaku/g020 1 02/4003

1

5OO_214OOAMY00013_QiO0_2.pdf; and

OJttaJizumab, www.drugbank.ca/drugs/

DBQ0Q43,

Ahaaccpi X — . - - ,
, H x

AiWwuun*) i ~« -^-SYgiMBGa^vqpatBLiu^auk^^ 2*
InfltXtmrfi 1 • BVT3*EXBG0GLV<&QQStVl*SCV&3<ariT-S:iWttWVBQ5lWSaJfVVAEIA»3XJtSATHIASSY 6$
Oroslkumah i — —

—

*v&*ns&mKpG^ —ctthxapsv w
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1 F$QQ15fCW5f£W «

67 KC3^PTI25imSC3»VYIX3«in^Rm7rGV3tXCiiB-Nrr—GSTIOTllQQGTTIJVSEASfcRG^^ 143

between FcRn and TOF-a-binding proteins, excess TNF-ot was

added to adalimumab, infliximab, and etanercept (8-fold molar

excess to 42-670 nM Abs and 4-fold to 168-2680 nM etanercept)

to avoid fonning nonuniform complexes. The sensorgrams were

fitted by the bivalent analyte model (fig. IB). Although the fined

lines did not completely match the observed sensorgrams, the tfD
values of irjdflixirjaab, adalimumab, and etanercept to FcRn were

calculated to be 2057, 1321, and 4286 nM, respectively (Fig. 7Q.
The affinity of infliximab-TNF-a complex Or adaUmumab-TNF-a
complex was lower than that of infliximab or adaUmumab, re-

spectively (Fig. 1Q. These results suggest that at least for these

aim-TNF-a Abs, binding with target molecules decreases the

affinity to FcRn. They may also suggest that the anti-TOF-a Abs
complexed with TNF-a will be degraded more rapidly than anti-

TNJr-cx Abs free from TNF-a in vivo.

Discussion

To our knowledge, this is the first article to elucidate the affinities of

clinically used Fc doniam-contamingtherapeutic proteins toFcRn in

a comparative study. Because the affinities of these therapeutic

proteins to FcRn were found to be highly correlated with me serum

half-livesinhumans, withthe exceptionofinfliximab, rituximab, and

trastuzumab, theimportance ofFcRn in regulatingtheserum half-life

ofFc domain-containing therapeuticproteinswas suggested.Thekey

observation was that the Fc-fusion proteins showed lower affinity to

FcRn thanAbs These dataprovided us with one ofthe answers to the

question of why the Fc-fusion proteins containing the Fc domain of

human IgGl exhibit a shorter half-life than human IgGl-

In the current study, we used the bivalent analyte model of

BIAevaluation software. Most studies analyzing Fc-FcRn inter-

actions have used the bivalent analyie model (15, 31) or the het-

erogeneous ligand model (7, 15, 31). Although the sensorgrams in

our experiments were able to be fitted by both models, they were

better fitted by the bivalent analyte model. Considering that two

molecules of hFcRn bind to each IgG, resulting in a 2;1 binding

stoichiomctry (15), the bivalent analyte model seems to be suit-

able. It has been reported that the dual bivalent analyte model

better fits the data of the FcRn-Fc interaction (32), although there

are cases in which the bivalent analyte model does not work well.

In the article about the dual bivalent analyte model, it was spec-

ulated that mgh-ajfinity and low-afilnrty types of FcRn existed on

the surface of the BIAcore chip and that the low-affinity type

receptor was probably an experimental artifact (32). Possibly

because the content of the low-affinity type of FcRn on the chip is

comparatively low in our immobilizing condition, the sensorgrams

in our experiments might have been well-fitted by the bivalent

analyte model.

Among the therapeutic proteins tested in this study, the Fc fusion

proteins showed relatively lower affinities to FcRn (Figs. 2, 3),

although the affinities to Fc-yRJ are comparable to those of Abs

(Fig. 4). Although the Fc domain binds to FcRn via the CH2-CH3
domain mterface (33), the primary siructures of the Fc domains of

tested therapeutic proteins were almost the same, and cleavage of

the Fc domains from Fab or the receptor region gave similar KD
values to FcRn (Fig. 6). These results suggest that the receptor

regions of Fc-fusion protein alter the conformation of the FcRn-

binding region (CH2-CH3 domain interface), not of the FcyHJ-

binding region (hinge proximal region of CH2 domain), or cause

static hindrance on the CH2-CH3 domain interface. The influence

of regions besides the Fc domain on FcRn-binding regions would

also be the case for Abs, as shown in Fig, 7.

Our results presented in this study can provide valuable in-

formation regarding the molecular design of novel Fc domain-

containing therapeutic proteins and demonstrate the usefulness

of FcRn-binding analysis in the characterization of Fc domain-

containing therapeutic proteins. In addition to the Fc fusion pro-

teins used in this study, rilonacept, a Fc-fusion protein consisting of

ligand-binding domains of the extracellular portions of the human
IL-l receptor component (IL-1RI) and IL-1 receptor accessory

protein linked to the Fc portion of human IgGl, and rotniplostim,
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FIGURE 6. Effects of papain digestion on the affinities of Fc doraain-

conlaifling therapeutic proteins to FcRn, A, The nonreduccd SDS-PAGE of

etanercept and adalimirmab digested with papain for 2 and 24 h, B, The

comparison between the sensorgrams of etanercept and adalimumab with

or without papain digestion. C, Comparison of the affinity to FcRn among

etanercept alefacept, adalimumab, infliximab, and omalizuraab, which

were digested or not digested with papain. The /Co values were calculated

from the sensorgrams at the range of concentrations described as follows.

The concentrations of papain-digesled etanercept, papain-digested alefa-

cept. adalimumab, papiir>digested adaJiroumab, infliximab, papain-

digested infliximab, and papain-digested omalizumab were 42-670 nM;
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FIGUKE 7. Effects ofbinding with the target molecules on the affinities of

Fc domain-containing therapeutic proteins to FcRn, A , The sensorgrams of

infliximab (335 nM) preincubated with TNF-a (0-2680 nM). Bt The sensor-

grams ofirJdO&umab (upperpowt) t adalinmraab (middU putt*!), and etanercept

(tower panet) preincubated with TNF-a (8-fold molar excess to 42-670 nM
Abs and 4-fold to 168-2680 nM etanercept). The seTisorgraxos wexe fined by

the bivalent analyte model . C, The ATj> values calculated from die sensorgrams

shown in B. The values of iniuximab, adalimumab, and etanercept derived

from the same series of experiments are also shown as controls.

a Fc-peptide fusion protein consisting of human IgGl Fc domain

linked at theC terminus to a peptide containing two thrombopoierin

receptor-binding domains, were approved recently (34, 35). The

those of etanercept and alefacept were 168-5360 dM> and those of orna-

lizumab were 42-1340 nM. Each bar shows the average K& value + SD,

which was calculated from three independent experitnents. **p < 0-01-

NS, no significant difference according to Student t test.
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development of Fc-fusion proteins will receive further atteaiion.

Although the Fc domains are used with the intent of prolonging

the half-lives of receptor proteins, the half-live$ tend not to be

fully prolonged to the level of IgGl. It remains unclear whether

the receptor regions Of Fc-fusion proteins alter the conformation

of the CH2^CH3 domain interface or the regions cause sterie

hindrance on the binding site of FcRn; however, the molecular

design of Fc-fusion proteins having a higher affinity to FcRn

might be possible in either case.

Reflecting the increasing interest in the development ofcaAhs and

related products, the newly revised guideline for such products was

adopted by the European Medicines Agency in 2008 (www.emea.

europa.eu/pdfs/humanftwp/ In the guidelines,

it is mentioned that FcRn-binding activity should be provided, as

appropriate, in product characterization. Because regions other than

the Fc domain might affect the affinity of the protein to FcRn (Figs.

6, 7), the affinity to FcRn should be evaluated as an important

quality attribute related to the pharmacokinetic profile, even if the

protein has a native Fc domain of IgGl t especially in cases of Fc-

fusion proteins. Meanwhile, because it was demonstrated that ox-

idation of two labile methionines, Met252 and Met42*, in human

IgGl attenuates binding of the Ab to FcRn (36), alteration of the

affinity to FcRn during the production process or storage will reflect

structural changes of the protein, including Met oxidation, that will

lead to shortening the scrum half-life. In addition to igG, albumin is

also known to bind to FcRn in a pH-dependent manner and is

protected from degradation (37, 3B). The albumin-fusion proteins

(e.g., albumin-lFN) or drugs having an albumin-binding moiety are

being developed, FcRn-binding characteristics would also be im-

portant as a quality attribute of such products, which is related to the

pbarmacoldnetic profile.

As mentioned above, the existence of several Abs having a short

half-life and high affinity to FcRn suggested ihe involvement of

other critical factors) in regulating the serum half-life of Abs such

as trastnzumab, rituximab, or infliximab. Trastuzumab is a hu-

manized Ab directed against human epidermal growth factor re-

ceptor 2 (HER2), which is expressed in some types of breast cancer

cells. It has been reported that trastuzumab is taken up by HER2-

expressing cells via HER2-raediated endocytosis (39, 40). Ritux-

iraab, a chimeric Ab directed against CD20, is also internalized in

an Ag-mediated manner (41). Because the ligano^dependent in-

ternalization is followed by degradation of Abs, this property

seems to be an important reason for the short half-life of trastu-

zumab and rituximab. It has been reported that, in general, the

half-life of monoclonal IgG Abs increases depending on the de-

gree of humaruzation in the order of murine < chimeric < hu-

manized < human (6, 41, 42). Because infliximab and rituximab

are chimeric Abs, the involvement of common factors influencing

the half-life of chimeric Abs such as the presence of human anti-

chimeric Ab would be another reason for the shorter half-life.

As shown in Fig. 7, the affinities of infliximab--TNF«a complex

and adalimumab-TNF-ot complex seemed to be lower than those

of infliximab and adalimumab. If the affinity of therapeutic pro-

teins/target molecules complexes to FcRn is lower than that of the

free therapeutic proteins, the complexes will be degraded faster.

Therefore, the half-lives of such therapeutic proteins seem to be

shortened in the case that the target molecules are abundant in the

bodies of patients. In contrast, if the affinity to FcRn oftherapeutic

proteins/target molecule complexes is higher than that of the free

drugs, the complexes of drug and target molecules will have

longer half-lives than free drugs. Because there are many factors

affecting the elimination of Abs (reviewed by Tabrizi et al. (4l)]
t

further studies are necessary to elucidate the critical factors im-

pacting the half-lives of Fc domain-containing proteins, in addi-

1975

tion to the affinity to FcRn. Binding characteristics of the Fc

domain-containing proteins or their complex with target mole-

cules to FcyRs would be one of the important issues to be ex-

amined in regard to the impact on their elimination.

In conclusion, we showed the importance ofthe affinitytoFcRn in

determining the serum half-life ofFc domain-containing therapeutic

proteins. Furmcrinvestigationregarding themolecularstructures that

regulate the affinity of the engineered protein to FcRn will accelerate

the development of therapeutic proteins with a desired half-life.
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